It has been shown in a number of studies that obesity is a protective factor for bone mineral density (BMD) (1) (2) (3) (4) . These studies, using single-photon absorptiometry (SPA) and dual-photon absorptiometry (DPA), showed higher BMD in the lumbar spine and femoral neck in obese patients. Conflicting findings regarding total body BMD determined by DPA (5) and the BMD of the radius determined by SPA (6) have also been presented. These results indicate that the alteration of BMD in obesity may have occurred preferentially in some regions of the bone. To address this question, we measured regional BMD in obese patients by DPA, which has recently been shown to be clinically useful for this purpose (7, 8) . In some patients, regional bone mineral content (BMC) was monitored following the rapid decrease of body weight brought about by a very low calorie diet (VLCD), which was introduced for rapid, protein-sparing weight reduction (9 Total body and regional (head, trunk, pelvis, upper and lower extremities) BMD and BMC were measured using DPA (Norland Corp., Model 2600, WI), as described elsewhere (11 
RESULTS
Bone mineral density in obese and control subjects Total body and regional BMD were compared in the controls and obese subjects (Table 2) . Total body BMD was significantly higher (men), and tended to be higher (women) in the obese group compared with the control group. Regarding regional BMD, significant differences were observed in the pelvis and in the upper and the lower extremities in both men and women. Almost coincidental data were obtained from a cross-sectional and a prospective longitudinal study. In both men and women, BMD in total body, pelvis, upper and lower extremities were significantly higher in the obese group. These BMD values correlated significantly with body weight and percentage of fat, indicating that fat mass itself was a determinant of BMD, particularly in weight-bearing bones. These data were reconfirmed by a prospective study; BMC in some regions (upper and lower extremities) were significantly decreased by 8-week VLCD treatment. Although total body BMD and BMD in the pelvis were higher in obese subjects, we failed to detect any significant changes in BMC following VLCD. For bone mineral in the pelvis, this discrepancy may be explained, in part, by the higher coefficient of variation (CV; about 4%) in measuring BMD in this portion, while in the legs, the CV was less than 1% , as has been found elsewhere. The change of bone mineral in the pelvis, which consists mainly of cancellous bone, may be compensated by the acute stimulus that occurs during weight reduction . A similar phenomenon was observed in patients with renal osteodystrophy, in which changes in bone mineral were apparent in the extremities, which consist largely of compact bone (12) . It could also be possible that a longer period is necessary for the changes caused by the VLCD treatment in bone mineral in the pelvis, as well as total body bone mineral , to become manifest. In any case, the changes in BMD in obesity may be largely attributable to the alteration of BMD in weight-bearing bones.
The mechanism of altered bone mineral metabolism in obesity is not clear. Previous reports have revealed changes in calcium homeostasis in obese patients; decreased ionized calcium, increased parathyroid hormone, decreased 25-hydroxyvitamin D, and increased 1,25 dihydroxyvitamin D (13) (14) (15) (16) . It is not known whether these alterations could influence the increased BMD in obesity. Our data concerning the heterogeneous nature of the regional bone, however, revealed that changes in BMD could not be solely the results of these hormonal alterations. Recently, Roer et al. (17) showed that weightlessness in rats caused significant decreases of bone mass in the extremities and significant increases in the skull, which is compatible with the results in our cases receiving VLCD treatment . This report indicates that the mechanical effect of weight loading could be a factor in the determination of local BMD, particularly in the extremities. In fact, accumulated data show the dependence of bone remodeling on mechanical stimuli, primarily in cancellous bone (18), which may affect compact bone during prolonged stimuli. 
